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Abstract
Background: Concomitant repair of moderate secondary tricuspid regurgitation (STR) during mitral valve surgery is still subject of controverse. This research aims to study the early and mid-term postoperative influence of tricuspid repair on the clinical outcomes and right ventricular functions. Methods: This is a retrospective cohort study of 92 patients with moderate STR
who underwent tricuspid valve repair between October 2014 and December
2017, in the cardiothoracic surgery department, Menoufia University Hospital.
Patients were assessed clinically and by echocardiography at one month and after 24 months postoperatively for the degree of tricuspid regurgitation (TR),
right ventricular diameter and tricuspid annular plane systolic excursion
(TAPSE). Results: In this study, mean age of patients was 58.33 ± 4.06 years.
We had a significant improvement in the grade of TR from preoperative period
to follow up data observed at 1-month postoperative and 2-years follow-up (P =
0.0001). After one month postoperatively, no TR was detected in 74 cases
(80.4%), and in 71 (84.5%) after two years. Mean right ventricular diameter decreased significantly from 23 ± 3.32 mm preoperatively to 21.9 ± 3 mm at
2-years postoperatively. An increase of TAPSE was from 19.96 ± 3.7 mm
preoperatively to 20.3 ± 3.9 mm at 1-month postoperative (p = 0.55) and
there was significant increase in late postoperative value. Conclusion: We
highly recommend repair for moderate TR during mitral valve surgery to
avoid progression of TR. Tricuspid repair was able to reduce the grade of regurgitation after two years of surgery and improved right ventricular functions.
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1. Introduction
Functional tricuspid regurgitation (FTR) is a disease that has only recently been
recognized as worthy of surgeons’ attention. Nonetheless, no clear agreement
has been reached on when and how FTR should be corrected. Furthermore, the
early return of FTR has made surgeons hesitant to expand FTR repair. Patients
with moderate or severe FTR had a significantly lower survival rate than patients
without or with only mild FTR [1]. FTR is even less than mild, and if left untreated, it will be escalated by two grades after nearly five years [2].
The majority of tricuspid regurgitation patients have secondary tricuspid regurgitation, which is not caused by primary organic tricuspid valve disease. The
RV and annular dilatation or tethering are associated with secondary TR pathophysiology (even with little annular dilatation). This is most commonly caused
by left-side valvular disease, but it can also arise as a result of primary RV pathology or pulmonary hypertension. TR is caused by a loss of contraction of the
myocardium surrounding the annulus, hence atrial fibrillation can play a role.
There is a failure of coaptation and tethering of the leaflets with increasing
enlargement of the ventricle and annulus [3].
Secondary tricuspid regurgitation (STR) is caused by a valvular lesion on the
left side of the heart, most often mitral valve disease (MVD). As high pulmonary
pressure occurs, it can lead to dilation of the right ventricle and annulus, as well
as tricuspid valve (TV) tenting. The tricuspid leaflets have a typical morphology
but do not coapt well. However, TR does not occur in all patients with pulmonary hypertension; the cause appears to be multifactorial and linked to other
factors such as atrial fibrillation (AF) [4] [5]. We decided to treat STR aggressively in patients undergoing mitral valve (MV) surgery. In this study, we report
our experience in evaluating the midterm results of our surgical strategy and
standardizing surgical treatment principles. Our research focused on tricuspid
repair in patients with moderate TR.

2. Materials and Methods
2.1. Study Design
This retrospective study was carried out on 92 patients who were candidates for
mitral valve surgery and had moderate STR. They underwent tricuspid valve repair with ring annuloplasty technique between October 2014 and December
2017, in the cardiothoracic surgery department, Menoufia University Hospital.
Our local institutional review board approved this research under number
(2014/9/113), and waived the requirement for patient’s consent. Patients with
TR who had particular organic leaflet or subvalvular deformities, which includes
prolapse, Ebstein anomaly, rheumatic, infective endocarditis, and who had conDOI: 10.4236/ojts.2021.113008
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current surgical interventions other than mitral and tricuspid valve replacement,
have been excluded from the study.

2.2. Operative Technique
Through median sternotomy, and after establishment of cardiopulmonary bypass, we approached the mitral valve which was replaced in 80 patients and the
remaining was repaired. Moderate hypothermia of 32˚C was achieved, and tepid
blood antegrade cardioplegia was used after ascending aortic cross-clamping.
A 3D annuloplasty ring (Medtronic, California, US) was used in all cases. The
first suture was placed starting from the anteroseptal commissure and the last
one was placed at the posteroseptal commissure. The ring size was determined
by the length of the septal leaflet.
We followed up our patients through two years period by echocardiography,
and we analyzed preoperative, 1-month, and 2-years postoperative echocardiograms. The same operator who did and interpreted the echocardiography was
(A. Sh). GE VIVID S5 Norton Norway echocardiography transducer 1.7 - 4
mHZ was used. The purpose of our echocardiographic study was to grade tricuspid regurgitation as mild, moderate, or severe when the distal jet area was less
than 5 cm2, 5 - 10 cm2, or greater than 10 cm2 respectively.
We used the tricuspid annular plane systolic excursion (TAPSE) to help in
estimation of the right ventricular function. It is considered normal if it measures 1.7 cm. The diameter of the right ventricle could be measured at the level of
mid cavity [6].
TR grade at one month, two years after surgery and hospital mortality were
the primary endpoints. Hospital readmission due to right-sided heart failure and
two-year survival was the secondary endpoints of this research.

2.3. Statistical Analysis
Statistical significance was determined with an IBM compatible computer and
IBM SPSS statistics version 19. Quantitative variables were expressed as mean
and standard deviation (Mean, SD), whereas qualitative data were expressed as a
number (n) or a percentage (%) based on relevance. The paired student t-test
was used to determine the significance of quantitative variables. We considered
probability values less than 0.05 as statistically significant.

3. Results
Demographic and Clinical Data
Regarding demographic data (Table 1), male distribution was 34 cases (37%),
while female distribution was 58 cases (63%). Mean age was 58.33 ± 4.06 years.
54 cases (58.7%) had sinus rhythm, while 38 cases (41.3%) had arrhythmia.
Pre-operative echocardiography data of the studied patients in Table 2,
showed all patients had moderate TR. The mean EF was 59%. Mean tenting area
was 1.30 ± 0.66 cm2, mean PAP was 45.9 ± 6.27 mmHg, Mean right ventricle
(RV) size was 23 ± 3.32 mm. TAPSE was 19.96 ± 3.7 mm, and right atrium (RA)
DOI: 10.4236/ojts.2021.113008
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Table 1. Demographic characteristics and anthropometric measurements of studied patients.
Variables

(No. = 92)

Age (years) Mean ± SD

58.33 ± 4.06

Gender

No. (%)

Male

34 (37)

Female

58 (63)

2

BMI (Kg/m ) Mean ± SD

24. 7 ± 2.26

BSA (m 2) Mean ± SD

1.55 ± 0.21

Preoperative arrhythmia

No. (%)

Sinus rhythm

54 (58.7)

Arrhythmia

38 (41.3)

(BMI: body mass index, BSA: body surface area).

Table 2. Pre-operative echocardiography data of the studied patients.
Variables

(No. = 92)

Degree of TR

No. (%)

-Moderate

92 (100%)

EF (%) Mean ± SD

59 ± 5.9

Tenting Area (cm ) Mean ± SD

1.30 ± 0.66

TVCD (mm) Mean ± SD

2.8 ± 0.65

PAP (mmHg) Mean ± SD

45. 9 ± 6.27

RV size (mm) Mean ± SD

23 ± 3.32

TAPSE (mm) Mean ± SD

19.96 ± 3.7

2

RA (cm)

No. %

Normal

27 (29.35)

Dilated

65 (70.65)

EF: ejection fraction, TVCD: Tricuspid valve coaptation depth, PAP: pulmonary artery pressure, RV: right
ventricle, TAPSE: Tricuspid annular plane systolic excursion).

was dilated in 65 (70.65%) patients.
Echocardiography Follow-up
Regarding postoperative follow up echocardiography (Table 3 and Table 4),
We found the mean preoperative ejection fraction was 59.77 ± 5.9 and increasd
to 60.4 ± 3.5 1-month postoperative and partially increased to 60.2 ± 4.5 at
2-years postoperative follow up (P = 0.38 and 0.58 respectively).
The mean tenting area showed significant reduction from 1.30 ± 0.66 cm2 preoperative to 1.1 ± 0.7 cm2 at 1-month postoperative follow up, and 1.12 ± 0.56 cm2
2-years postoperative values (P = 0.048, 0.048 respectively). There was a significant
regression in pulmonary artery pressure (PAP) between preoperative, postoperative
1-month echocardiograms and those obtained at 2-years follow up (P = 0.0001).
We had a significant improvement in the grade of TR from preoperative period to follow up data obtained at 1-month postoperative and 2-years follow up
DOI: 10.4236/ojts.2021.113008
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(P = 0.0001). After one month postoperatively, no TR was detected in 74 cases
(80.4%), and in 71 (84.5%) after two years. (Table 3 and Table 4, Figure 1).
Table 3. Comparison between preoperative and 1-month postoperative echocardiography parameters.
Preoperative (No. = 92)

1-month Postoperative (No. = 92)

Mean ± SD

Mean ± SD

EF (%)

59.77 ± 5.9

60.4 ± 3.5

TR

No. %

No. %

No

0

74 (80.4)

Mild

0

10 ( 10.9)

92 (100)

8 (8.7)

Tenting Area (cm )

1.30 ± 0.66

1.1 ± 0.7

0.048

TVCD (mm)

2.8 ± 0.65

2.6 ± 0.5

0.02

PAP ( mmHg)

45.9 ± 6.27

35.5 ± 4.5

0.0001**

RV size ( mm)

23 ± 3.32

22.5 ± 2.5

0.25

TAPSE (mm)

19.96 ± 3.7

20.3 ± 3.9

0.55

Variables

Moderate
2

RA (cm)

No. %

No. %

Normal

27 (29.35)

59 (64.13)

Dilated

65 (70.65)

33 (35.86)

P value
0.38

0.0001**

0.0001**

EF: ejection fraction, PAP: pulmonary artery pressure, RV: right ventricle, TAPSE: Tricuspid annular plane
systolic excursion, RA: right atrium). **highly significant difference.

Table 4. Comparison between preoperative and 2-years postoperative echocardiography
parameters.
Preoperative (No. = 92)

2-years Postoperative (No. = 84)

Mean ± SD

Mean ± SD

EF (%)

59.77 ± 5.9

60.2 ± 4.5

TR

No. %

No. %

No

0 (0)

71 (84.5)

Mild

0 (0)

8 (9.5)

Moderate

92 (100)

5 (6)

Tenting Area (cm 2)

1.30 ± 0.66

1.12 ± 0.56

0.048

TVCD (mm)

2.8 ± 0.65

2.55 ± 0.7

0.012

PAP ( mmHg)

45.9 ± 6.27

33 ± 5

0.0001**

RV size ( mm)

23 ± 3.32

21.9 ± 3

0.019

TAPSE (mm)

19.96 ± 3.7

21.5 ± 2.45

0.001

RA (cm)

No. %

No. %

Normal

27 (29.35)

60 (71.4)

Dilated

65 (70.65)

24 (28.6)

Variables

P value
0.58

0.0001**

0.0001**

EF: ejection fraction, PAP: pulmonary artery pressure, RV: right ventricle, TAPSE: Tricuspid annular plane
systolic excursion, RA: right atrium).
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Figure 1. Degree of TR in preoperative, 1-month postoperative and 2-years postoperative follow-up.

Mean right ventricular diameter decreased from preoperative values 23 ± 3.32
mm to postoperative follow up at 1-month 22.5 ± 2.5 mm and decreased significantly at 2-years to 21.9 ± 3 mm, (P = 0.019).
An increase of TAPSE value from 19.96 ± 3.7 mm preoperatively to 20.3 ± 3.9
mm at 1-month postoperative (P = 0.55) and there was significant increase in
late postoperative value (P = 0.001).
We lost the follow up of eight patients after two years, so we had 84 (91.3%)
patients with their echo-data were complete. One patient died due to cerebral
haemorrhage after four months of discharge. The second patient died after six
months of discharge due to cardiac arrest which happened because he developed
cardiac tamponade as his INR was 7. Resuscitative measures failed to save his
life. The rest of lost patients for follow up did not come to the outpatient clinic at
a proper time and were not adherent to follow up regularly, so we excluded them
from analysis at 2-years echocardiography follow up.

4. Discussion
We reported that extensive treatment of STR of any grade resulted in an early
reduction of the STR grade that was sustained after 24 months. Surgical management of moderate STR has been a subject of controversy. Moreover in
current era of minimal invasive techniques may focus attention on a single valve,
ignoring mild to moderate TR, even though the TV is accessible.
Yilmaz and colleagues [7] investigated changes in the degree of STR in 699
patients who underwent MV repair for degenerative MV disease. Their findings
showed that TR progression is unusual in patients undergoing MV repair, and
that coexisting TR has no effect on late mortality.
In our study we recommended measurement of tricuspid valve dimensions
intraoperatively even for mild to moderate TR to assess if the valve could be repaired or not, and which technique could be suitable. This idea has been widely
DOI: 10.4236/ojts.2021.113008
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studied by Dreyfus and colleagues [2] who suggested that the TV annulus be
measured during left heart valve surgery and that tricuspid dilatation be corrected regardless of TR severity because TV disease is correlated with tricuspid
dilatation rather than TR degree. The tricuspid annular diameter was measured
intraoperatively from the anteroseptal commissure to the anteroposterior commissure. In their study, patients with a tricuspid annular dimension 70 mm underwent tricuspid annuloplasty, which improved functional status.
We had a significant improvement in the grade of TR from preoperative period to follow up data observed at 1-month postoperative and 2-years follow up
(P = 0.0001). After one month postoperatively, no TR was detected in 74 cases
(80.4%), and in 71 (84.5%) after two years.
Nath and colleagues [1] examined echocardiography of 5223 patients at one
laboratory over a four-year period. TR occurred in 88.5 percent of cases, with
15.5 percent having moderate or greater TR. After adjusting for left ventricular
ejection fraction, inferior vena cava size, and right ventricular size and function,
these patients had a 4-year survival worse than that of patients without TR.
Our results came in agreement with Calafiore et al., [8] who conducted a report on 50 patients who had mild to severe FTR. The TR grade in the treated
group had decreased from 3.1 ± 0.7 to 0.7 ± 0.7 (P = 0.001) at one year postoperatively, while it had remained stable in the untreated group. (from 2.2 ± 0.4 to
2.3 ± 0.9, P was not significant). Thus, tricuspid repair provided good midterm
results.
Ring annuloplasty was effective in the early postoperative period; however,
after 6-months of follow-up, it was associated with less residual regurgitation
and better right ventricular remodeling in patients with severe functional tricuspid regurgitation than the De Vega procedure [9].
Saran and Dearani [10] decided that there are several aspects of tricuspid repair can result in complications, such as coronary or conduction system injury.
When the primary indication for surgery is TR, it is crucial to achieve an excellent result (less than mild TR). But on contorary to secondary TR (as in case of
mitral regurgitation) where the degree of TR is expected to decrease after correction of the left-sided pathology and accepting a less than perfect result (moderate
TR) would be the goal.
Ren et al., [11] reported FTR recurrence including Mild degree was 23.5%.
Meanwhile, moderate to severe FTR recurrence was 2.5%.
Our study showed increase of TAPSE value from 19.96 ± 3.7 mm preoperatively to 20.3 ± 3.9 mm at 1-month postoperative (P = 0.55) and there was
significant increase in late postoperative value (P = 0.001), so it affected the RV
size which decreased in the postoperative follow up periods especially after two
years [P = 0.019]. This was in agreement with Hamdy and colleagues [9] where
they measured right ventricular function by TAPSE and reported significant
improvement in the early postoperative period and after six months in both
groups (P < 0.005). PAP improved in the early postoperative period and after six
months in both groups.
DOI: 10.4236/ojts.2021.113008
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TAPSE-measured right ventricular function improved in the early postoperative period and after two years. The reduction in PAP and RV afterload postoperatively may explain the immediate improvement in TAPSE in the early
postoperative period.
A study by Desai and colleagues [12] who followed up right ventricular function after mitral valve surgery with or without tricuspid valve repair, and found
that in patients with severe TR and mitral valve disease, mitral valve repair alone
was accompanied by improvement in TR and right ventricular function early after surgery, the same as mitral valve surgery with concomitant tricuspid valve
repair is.
Accurate quantification of TR severity, identification of TR mechanisms, and
quantification of RV dysfunction are critical points for preprocedural imaging of
TV intervention [13]. One of these is tenting area measurement preoperatively
and follow up postoperatively. Our study demonstrated significant decrease in
the tenting area from 1.30 ± 0.66 cm2 preoperatively to 1.1 ± 0.7 cm2 at 1-month
follow up (p = 0.048), to 1.12 ± 0.56 cm2 at postoperative 24 months follow up (P
= 0.048). These results were consistent with that reported in the study by Calafiore et al., [8], where in the treatment group, tenting area decreased significantly
from 1.4 ± 0.7 cm2 preoperatively to 0.7 ± 0.3 cm2 postoperatively (P < 0.001).
Fukuda and colleages [14] introduced an interesting concept, because they
found preoperative tenting area (cutoff value, 0.80 cm2) to be risk factors for
FTR. They emphasized that the cause of TR return could be a ventricular factor
and not technical failure. They developed a new term called TV coaptation depth
assessment, which can help with tricuspid surgery decision-making.
Our preoperative PAP was 45.9 ± 6.27 mmHg with significant decrease to 35.5
± 4.5 mmHg after one month and to 33 ± 5 mmHg after two years. Our results
were higher than those reported in a study done by Chikwe et al., [15]. They reported that PAP for treated group with annuloplasty was 37.6 ± 14.4 mmHg.
This difference can be explained as we had higher incidence of atrial fibrillation
resulting in a rise in PAP.
In a retrospective study involving 638 patients over a mean follow-up span of
64 months, Song and colleagues [16] found that 7.7% of untreated mild TR progressed to late significant TR despite effective left-sided valve surgery. They
proposed that in patients with late severe TR, aggressive surgical intervention
could be considered because it was linked to worse clinical outcomes.
We agree with Navia and colleagues [17] and Kim et al., [18] who confirmed
that moderate TR due to mitral valve diseases should be treated to improve
patient’s outcomes by giving benefit of doubt to prevent regurgitation progression and RV dysfunction.

Limitations
Limitations of this study may be: A retrospective design, small sample size, and
difficult assessment of post-operative medications as diuretics on the severity of
TR.
DOI: 10.4236/ojts.2021.113008
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5. Conclusion
We highly recommend repair for moderate tricuspid regurgitation during mitral
valve surgery to avoid persistence or progression of the tricuspid regurgitation.
We emphasize that correction of STR was able to reduce the grade of TR two
years after surgery and improved right ventricular functions.
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